Abstract HIV-1 serodiscordant couples may experience increased risks of relationship dissolution; however, longitudinal stability of these relationships is poorly understood. We determined rates and correlates of separation among 469 serodiscordant couples in Nairobi and found that 113 (24 %) separated during 2 years of follow-up. Couples with a female HIV-1 infected partner (F?M-) and no income were more likely to separate than M?Fcouples without income (HR = 5.0; 95 % CI 1.1-25.0), and F?M-and M?F-couples with income (HR = 2.4; 95 % CI 1.3-4.5 and HR = 2.3; 95 % CI 1.2-4.8, respectively). High separation rates may be important for couple support services and for conducting discordant couple studies.
Introduction
In recent years, HIV-1 serodiscordant couples have increasingly been evaluated to identify methods to prevent HIV-1 transmission and host factors associated with susceptibility to HIV-1 acquisition or infectivity [1, 2] . While these studies often require that couples report having a stable relationship at enrollment, literature regarding longitudinal stability of these relationships is sparse. Because HIV-discordancy may be associated with stigma, suspicions of infidelity and altered relationship roles, understanding correlates of relationship instability is important in designing programs and interventions for HIV-1 serodiscordant couples. Furthermore, understanding risk factors for separation may aid the design and analysis of discordant couple studies.
Previous research suggests that separation is more likely among couples affected by HIV and that women living with HIV may experience a particularly high risk of abandonment [3] [4] [5] . For instance, population-based surveys of HIV-1 infected and uninfected individuals in Malawi found that separation was more likely among participants with HIV and was highest among women with HIV [3] . Additionally, data from Rakai, Uganda demonstrated that separation was more common among HIVinfected women and that HIV-1 discordant couples in which the female partner was infected were at higher risk of relationship dissolution than discordant couples in which the male partner had HIV-1, concordant HIV-1 uninfected couples, or concordant HIV-1 infected couples [5] . That study also found age, household wealth, and outside sexual partners to be associated with separation or divorce among HIV-1 discordant couples.
Identifying risk factors for separation has potential to aid in designing couple support services and will elucidate challenges in conducting observational and clinical studies of HIV-serodiscordant couples. Therefore, we determined the incidence of relationship dissolution among a prospective cohort of HIV-1 discordant couples in Nairobi and evaluated risk factors for separation, with a particular focus on the gender of HIV-1 infected partners. We hypothesized that HIV-serodiscordant couples in which the female partner had HIV-1 would have the greatest risk of separation.
Methods
Participant Recruitment and Follow-up HIV-1 serodiscordant couples were recruited from voluntary counseling and testing sites in Nairobi, Kenya between September 2007 and May 2009 for a study evaluating immunologic correlates of HIV-1 transmission, and were followed quarterly for up to 2 years. Couples were defined as sexual partners of the opposite gender who were married or in a steady sexual relationship, had been living together, and considered each other their primary partner. Stable couples were eligible to participate if they reported C3 sex acts within 3 months of enrollment and if they planned to maintain the relationship for at least 2 years. Couples were ineligible if the HIV-1 infected partner was using antiretroviral therapy or had a history of clinical AIDS (WHO stage IV) since these factors substantially reduce the risk of HIV-1 transmission.
At study visits, clinical staff administered questionnaires to assess socio-demographic characteristics, sexual behaviors, and medical histories. Questionnaires were administered to each partner in a couple separately to ensure confidentiality and limit potential misclassification. All participants provided written informed consent, and the study received ethical approval from the institutional review boards at the University of Washington and the University of Nairobi.
Classification of Relationship Dissolution and Couplelevel Covariates
At each follow-up visit, participants were asked if their relationship status had changed since the previous visit. If participants answered 'yes', they were asked if they had been formally separated or divorced and relationship dissolution was defined as either partner in a couple reporting divorce or separation during follow-up.
Separation was classified at the couple-level, however, partners completed questionnaires separately. Thus, we created couple-level covariates by combining answers to individual-level questions. These covariates included desire for future children, any shared living children, marital status, primary education, and earned income. We defined desire for future children as one, both, or neither partner wanting additional children. Similarly, we indicated if one, both, or neither partner had attained a primary level of education, defined as C8 years of schooling. Earned income was classified as neither versus at least one partner reporting an income. Couples in which either partner reported one or more living children with their study partner were classified as having shared children. For marital status, there were several couples in which only one partner reported being married, which could simply be due to misclassification or could represent underlying relationships characteristics. Thus, marital status was defined as both partners reporting being married or not married, with a third category indicating if reports of marriage differed within the couple. Sexual behavior data was collected separately for both partners in a couple through private face-to-face interviews.
Data Analysis
Baseline correlates of separation were analyzed using Kaplan-Meier curves and Cox proportional hazards (PH) regression. Time to separation was defined as the number of days between enrollment and the first visit at which either partner reported being separated. Couples that never reported separation were censored at the last follow-up visit attended by either partner, and couples experiencing HIV-1 transmission were censored at the last visit before seroconversion was detected. Potential covariates were selected a priori based on literature review and were considered in univariate and multiple variable models. Multiple variable models were adjusted for the number of shared living children and the duration of the relationship based on a priori hypotheses about associations with separation and other predictors. We also evaluated statistical interactions between the infected partner's gender and other variables. The PH assumption was tested using Schoenfeld residuals and was found to be valid for all covariates. Table 1 provides baseline characteristics of 469 HIV-1-discordant couples enrolled in this cohort, of which, 301 (64 %) had a female HIV-1 infected partner (F?M-). At enrollment, 448 (95.5 %) couples were married, 12 (2.6 %) couples were not married, and 9 (1.9 %) couples disagreed in their marital status report. The median relationship duration was 5.3 years (inter-quartile range [IRQ]: 2.5, 10.4) and was shorter among F?M-couples (4.9 [IQR: 2.5, 9.2]) than M?F-couples (6.0 [IQR: 2.5, 10.9]). In general, males were older than females, and partners of both genders were older in M?F-couples. Among all HIV-infected participants, women had higher median CD4?T cell counts and plasma HIV-1 viral loads than men (476 vs. 339/lL and 4.6 vs. 4.8/mL, respectively). Over the course of the study, 12 (3 %) couples experienced an HIV-1 transmission event for a seroconversion rate of 1.5 per 100 person-years.
Results

Description of the Cohort
Incidence and Correlates of Separation
Among all 466 couples with C1 follow-up visit, the mediation duration of follow-up was 1.7 years (IQR: 1.2, 2.0). Of these couples, 113 (24 %) had at least one partner report relationship dissolution during 678 couple-years of follow-up for an overall incidence rate of 16.6 per 100 couple-years. Among 85 participants who reported separation or divorce and responded to an inquiry asking the reason for dissolution, 45 (53 %) responded that HIV-discordance was the primary cause.
The strongest correlate of relationship dissolution was not having shared children, which was associated with a 2.5-fold increased risk of separation (hazard ratio [HR] = 2.5; 95 % confidence interval [CI]: 1.7-3.3, p \ 0.001; adjusted HR [aHR] = 2.5; 95 % CI 1.4-3.3, p \ 0.001). Increased partnership duration was associated with decreased risk of separation but the magnitude and significance of this association diminished after adjusting for shared children (for a 5-year increase, HR = 0.8; 95 % CI 0.7-1.0, p = 0.04 and aHR = 0.9, 0.8-1.2, p = 0.57). Unmarried couples were over three times as likely to report separation than married couples before adjustment (HR = 3.2; 95 % CI 1.3-7.9; p = 0.01, aHR = 1.8; 95 % CI 0.7, 4.8, p = 0.2) and couples that gave discrepant reporting of marital status at enrollment had a 5-fold increased risk of separating during follow-up (HR = 5.4; 95 % CI 2.2-13.3; p \ 0.001; aHR = 4.7; 95 % CI 1.8-12.1, p = 0.001).
When considered independently, gender of the HIVinfected partner and earned income by either partner were not associated with separation. However, significant interaction between these variables (p = 0.03) indicated that F?M-couples without an income were at the highest risk of separation (Fig. 1) . Specifically, 13 of 35 (37 %) F?Mcouples without an income separated during the study, 
Discussion
In this prospective study of HIV-serodiscordant couples in Nairobi, incidence of relationship dissolution was high with 24 % of couples reporting separation during 1-2 years of follow-up. Over half (53 %) of participants who reported separation indicated that it was caused by HIV-1 discordance. Marital status and having shared children were the strongest independent correlates of relationship stability, however, significant interaction between the gender of the HIV-infected partner and income indicated that F?Mcouples without any income were *2-5 times more likely to separate than other couples. Our finding that separation was most common among low socioeconomic status F?M-couples is consistent with other reports that HIV-infected women may be at an especially high-risk of relationship dissolution and abandonment [3] [4] [5] . Together, these studies suggest that F?Mcouples may experience greater relationship stress due to gender-related power roles such as financial inequalities, male authority in relationships, and other social norms [6, 7] , and that these stressors may be accentuated by poverty. Lower incomes have also previously been associated with increased separation risk [5] .
In this study, the incidence of relationship dissolution among HIV-1 serodiscordant couples was high (16.6 per 100 couple-years), and was much greater than the incidence of HIV-1 transmission (1.5 per 100 person-years). These observations could help to identify couples needing extra support (e.g. extra counseling) in 1) programs to reduce the spread of HIV-1 and improve patient care and well-being, and 2) clinical studies involving HIV-1 serodiscordant couples. First, high incidence of relationship dissolution may influence HIV-1 transmission by altering patterns of partnership formation and risky sexual behaviors such as high partner turnover and unprotected sex with outside/concurrent partners [8] [9] [10] [11] [12] [13] . Given the much higher rate of separation than HIV-1 transmission among these couples, programs seeking to maintain stability in these relationships could be important in prevention efforts. Relationship dissolution may also result in HIV-1 infected partners having worse engagement with HIV-1 treatment and care. For example, previous studies suggest that partner stress is linked to worse medication adherence [14] while social support and couple-focused interventions are associated with improved participation in HIV-1 counseling and testing [15] [16] [17] [18] , adherence to antiretroviral therapy (ART) [19, 20] , and other health-seeking behaviors in East Africa [21] [22] [23] . Given the clear importance of early ART initiation and adherence and reducing viral load to HIV-1 transmission risk and disease progression [24, 25] , promoting relationship stability and involving both partners in treatment may have significant ramifications for HIV-1 prevention and health of infected partners.
Longitudinal stability of relationships is also relevant to analyzing data from cohorts of HIV-1 serodiscordant couples in that separation likely leads to interruption of sexual activity with the study partner, thereby reducing the number of observed HIV-1 transmissions and decreasing statistical power to detect associations. Furthermore, when evaluating correlates of HIV-1 transmission in observational studies, not controlling for stability of relationships could lead to confounding. Thus, it may be worthwhile to adjust statistical models for relationship stability or to consider censoring participants from an analysis when separation is reported in observational studies. Furthermore, observational and clinical studies could use correlates of relationship stability as a screening tool when recruiting participants in order to select couples with greater probabilities of HIV-1 transmission. It should be noted, however, that selectively excluding some couples from study participation would limit generalizability of study results.
A strength of this analysis is that HIV-1 serodiscordant couples were frequently asked about changes in relationship status and that we were able to ask couples reporting separation if HIV-1 discordance was the reason for separation. When combined with in-depth demographic and clinical data, this allowed evaluation of relationship dissolution that has not been possible in other cohorts of serodiscordant couples. While our findings that unmarried couples and those with discrepant reporting of marital status are important, it should be noted that there were few couples in either of these categories, which could result in unstable estimates of incidence.
To our knowledge, this is the first report of relationship dissolution rates in a cohort study of HIV-1 serodiscordant couples from sub-Saharan Africa, demonstrating that separation is common among these couples and was often due to HIV-1 discordance. F?M-couples without income had the highest separation incidence, adding to literature suggesting that economically disadvantaged African women are at the highest risk for poor HIV-related outcomes [26] . These observations could be an important consideration when designing programs and interventions, and may identify couples needing additional support such as extra counseling.
